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G. Shapiro, Phys. Rev. Letters, 2, 213 (1959). See also Cohen, E. R., K. Crowe, and J. W. M. 
DuMond, Fundamental Comlants of Physics, (New York: ia scene Publishers 1957), chap. 
4, sect. 4.2, 32-102. 





LASTING AFTER-EFFECTS PRODUCED IN RATS BY SEVERAL 
COMMONLY USED DRUGS AND HORMONES* 


By Curt P. RicuTrert 
HENRY PHIPPS PSYCHIATRIC CLINIC, JOHNS HOPKINS HOSPITAL, BALTIMORE 
Communicated May 4, 1959 


This is an era of the widespread use of drugs and hormones in the treatment of a 
great variety of illnesses. New medications appear on the market almost every 
day; asa matter of fact, many of the members of this audience undoubtedly have 
been treated with one or more of these new therapeutic agents. 

Although the use of many of these drugs has resulted in great gains in the treat- 
ment of various ailments, these highly desirable results have often been accompanied 
by the development during treatment of a variety of undesirable side-effects. In 
many instances these accompanying effects have been sufficiently serious to neces- 
sitate discontinuation of the medication. It is on this account that new drugs and 
hormones have for some time been screened using animals not only for possible 
immediate toxic effects but also for any side-effects that might develop during pro- 
longed treatment. 

The possibility that in addition to such concomitant side-effects the administra- 
tion of some of the commonly used drugs and hormones may be followed by serious 
and permanent pathological after-effects has not received much, if any, attention. 

I bring this up because we have noted in experiments made on rats for quite 
different purposes! that the prolonged administration of a number of commonly used 
therapeutic drugs and hormones has resulted in pathological effects that only ap- 
peared well after the end of the treatment; characteristically, once developed, 
these persisted throughout the remaining life of the animal. Though these effects 
revealed themselves both in behavior and in metabolism they were not obvious 
on ordinary inspection. Thus, the rats appeared to be quite normal—in particular, 
they were free of all the common signs of deficiency such as loss of hair, motor dis- 
turbances and nervousness. That despite this they actually were quite abnormal 
could only be detected through scrutiny of daily records, taken over long periods of 
time, of their spontaneous running activity in revolving drums, their food and 
water intake, and the functioning of their reproductive tracts. 

Before presenting some records typical of these animals, a short description should 
be given of the conditions under which the observations were made. The rats 
were kept separately in activity cages consisting of a revolving drum, a cyclometer, 
and a small living compartment with a nonspillable food cup and a 100-ml graduated 
inverted water bottle.2. Records were made daily of running activity, food and 
water intake, as well as of the vaginal smears. ‘The external conditions, room tem- 
perature, etc., were kept as nearly constant as possible, and were free from any regu- 
larly recurring disturbances or variations. 


This content downloaded from 169.229.32.137 on Thu, 8 May 2014 04:45:34 AM 
All use subject to JSTOR Terms and Conditions 


Von. 45, 1959 PHYSIOLOGY: C. P. RICHTER 1081 


Daily records were taken on each rat for several weeks or months before the start 
of an experiment. During the treatment period the medication was thoroughly 
mixed with the food, thus the animals ingested small amounts at each feeding period, 
that is, at 3-4 hour intervals throughout the 24 hours of each day. After the end of 
the treatment, daily records were continued either until it was certain that no 
demonstrable changes had occurred or, in cases where definite changes did occur, 
until the death of the animal, either by natural means or through its sacrifice. 

The drugs and hormones used in these experiments are listed in Table 1, which 
also shows the number of rats given each medication, the ranges of: ages at the 
start of treatment, concentrations of the medications in the stock diet, lengths of the 
treatment periods, as well as lengths of the observation periods after the end of the 
treatment. Six drugs and three hormones, and a total of 57 female rats—most of 
them under 85 days of age at the start of the treatment period—were used in these 
experiments. 

It must be made clear here that this was not a planned experiment: the observa- 
tions were made incidentally in the course of a number of other experiments and were 
entirely unanticipated. This explains the wide range in the number of rats used 
with each of the various drugs and harmones, as well as variations in the lengths of 
the treatment and observation periods. 


TABLE 1 
Obser- Num- Per- 
vation ber cent 
Age at Duration Period of Rats of Rats 
Num- Start of of After With With 
ber Treat- Concentrations Treat- End of Abnor- Abnor- 
of ment in Food ment Treatment mal mal 
Rats in Days Percent in Days in Days Cycles Cycles 
Antibiotic Sulfamerazine 25 59-503 0.5-5 74-116 55-630 5 20.0 
Anti- Thiourea 3. 52-60 1-3 85 84-398 1 33.3 
thyroids 
Thiouracil 5 51-85 0.2-1 44-92 280-554 4 80.0 
SS aa 7 61-67 0.1-1 157 80—244 3 42.8 
acl 
Analgesic Aminopyrine 6 53 1-2 116 70-770 1 16.6 
Sedative © Sodium 4 65-75 0.1-1 124 232-258 1 25.0 
Barbital 
Adrenal Cortisone 3. «652-64 0.01-0.04 105 46~-240 1 33.3 
Hormone _ 
Female Estradiol 3. «81 0.0001-0.001 141 375-655 2 66.6 
Hor- 
mones 
Progesterone 1 110 0.025 -0.15 492 239 1 ey 
TOTAL 57 19 33.3 


These drugs and hormones were kindly supplied by Merck Sharp and Dohme; Ciba Pharmaceutical Products, 
Inc.; Schering Corporation; Lederle Laboratories Division; and the Sterling- Winthrop Research Institute. 


For each animal, the experimental substance usually was initially offered in 
a minimal concentration, well below the toxic level. In some instances the rats 
received only this concentration. ‘Thus 8 of the 25 rats on sulfamerazine received 
only the 0.5 per cent mixture. In other instances the concentration of the test 
substance was increased by small steps at intervals of several weeks or months until 
food intake showed just a small decrease. Then the drug was either discontinued 
after a short time or reduced to a lower level at once. Spontaneous activity cannot 
be used as an indicator of toxic effects since in some instances it is depressed by only 
small amounts of drugs or hormones. 
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Daily records from several thousand untreated normal females served as controls. 
From these records it is known that throughout most of its life, the healthy female 
rat shows regular peaks of running activity every 4 or 5 days—always coinciding 
with ovulation. It is further known that the average daily activity of each rat 
remains fairly constant with the exception of regularly recurring variations as- 
sociated with the estrous cycle. Moreover, in most instances, the average daily 
food and water intakes likewise remain fairly constant, i.e., free even from varia- 
tions associated with the estrous cycle. Figure | gives a typical record of daily 
spontaneous running activity, food intake and vaginal smears, as well as weekly 
readings of body weight, for a normal female rat that was started in the cage at an 
age of 42 days. During the first 30 days in the cage, daily spontaneous running 
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Fig. 1.—Graph for normal female rat showing daily record of spontaneous running activity, 
food intake, and vaginal smears, and weekly readings of body weight. Record shows the 4-day 
estrous peaks of activity. 


activity increased from zero to more than 9,000 revolutions; food intake showed a 
slight increase; while during the same period, body weight increased nearly 70 per 
cent. During the following three months food intake and body weight increased 
slowly and at an almost constant rate. Running activity showed 4-day estrous 
peaks and otherwise only minor fluctuations. 

In almost every case, the drugs and hormones under examination had no sig- 
nificant demonstrable effect during the period ofadministration. Inmarked contrast, 
immediately after the cessation of drug administration, some of the rats developed 
abnormal patterns in spontaneous running activity, food intake, and the func- 
tioning of the reproductive system. Other treated rats did not show such changes 
until several months later. In either case the abnormalities were manifested as 
sharply separated periods of activity and relative inactivity, usually accompanied 
by marked variations of food intake. Vaginal smears revealed simultaneous varia- 
tions in functioning of the reproductive system. 
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Figure 2 shows the record of one of our experimental rats before, during, and after 
a 116-day feeding period on a low concentration of sulfamerazine. The graph pre- 
sents daily running activity, food intake and body weight in 5-day averages (thus 
minimizing the effects of the estrous cycles); it also shows daily readings of cornified 
cells in the vaginal smears. ‘The period of sulfa feeding is indicated at the bottom 
of the chart by solid shading. During the 130-day pretreatment period the animal’s 
food intake and body weight remained quite constant while spontaneous activity 
showed small fluctuations. During the 116-day feeding period with sulfamerazine, © 
food intake showed only a slight decrease; the rat continued to gain weight; and 
its activity remained constant until during the last 30 days, when it dropped to a 
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Fig. 2.—Graph showing daily spontaneous running activity and food intake in 5-day averages, 
percentage of cornified cells in vaginal smears; and weekly readings of body weight—before, 
during, and after treatment with sulfamerazine. 


lower level. Throughout the treatment period the rat appeared entirely normal 
and unaffected by the ingestion of the sulfa drug. 

However, the examination of the record from the discontinuation of the experi- 
mental diet to the animal’s death over 500 days later reveals unmistakable evidence 
of permanent change. Average daily food intake almost at once began showing 
large regular excursions, both above and below the level maintained during the 
control and experimental periods; average daily activity likewise showed repeated | 
swings, falling almost to zero, and then increasing to 6,000-8,000 revolutions; 
body weight similarly showed regularly recurring fluctuations. The first abnormal 
cycle had a duration of 58 days. The duration of the succeeding cycles progressively 
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became shorter, finally leveling off near 18 days; the height of the activity peaks 
and the amplitude of the excursions of food intake progressively became smaller 
until during the last four months of its life the rat became almost totally inactive 
and ate nearly constant amounts of food. 

Figure 8 which gives part of the daily record of the same animal, starting almost 
immediately after the end of the sulfa feeding period, shows the cycles in more detail. 
It can be seen that each abnormal cycle consists of an active and an inactive phase, 
separated by sharp transitions. Since daily readings rather than 5-day averages 
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Fig. 3.—Graph for same sulfamerazine-treated rat showing daily spontaneous run- 
ning activity and food intake. Record shows total length of cycle and length of in- 
active phase. 


are shown, the estrous cycles in the active phases are clearly evident. While the 
active phases became ever shorter with time (decreasing from 40 to 2 days )the 
length of the inactive phases remained nearly constant (15-19 days)——-as measured 
from the last peak of an active phase to the first peak of the following active phase. 
_ These abnormal activity cycles were simultaneously accompanied by inverse varia- 
tions in food intake, showing remarkably even swings above and below the pre- 
treatment level and with the maximum food intake consistently coinciding with the 
inactive phase of the activity cycle. The continuation of the record in Figure 4 
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‘shows that the cycles persisted almost throughout the remainder of the animal’s 
lifetime. The rat died at an age of 1,105 days. 

Table 1 shows that 5 of 25 rats, or 20 per cent, developed such abnormal and 
regular cycles after the termination of the sulfamerazine feeding. 

Similar records were obtained by feeding various antithyroid drugs—thiourea, 
thiouracil, and propylthiouracil. In single doses these compounds are almost 
nontoxic to the rat, as they are to man; they may even be given in quite large 
doses without endangering life. That, however, they may do serious and permanent 
damage after having been administered in small doses for several months, was 
shown by the appearance of abnormal cycles in activity and food intake which 
developed only after the rats were returned to the regular stock diet. These 
cycles closely resembled those which followed sulfamerazine feeding. 
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Fic. 4.—Continuation of record shown in Fig. 3. 


Table 1 shows that after the end of the treatment with thiourea, 1 of 8, or 33.3 
per cent, of the rats showed regular abnormal cycles; 4 of 5, or 80 per cent, of the 
thiouracil-fed rats, and 3 of 7, or 42.8 per cent of propylthiouracil-fed rats sub- 
sequently developed similar cycles. The abnormal cycles that followed treatment 
with sulfamerazine or the thioureas! closely resembled those that followed partial 
thyroidectomy or 1, 2 or 3 treatments with radioiodine I13!.4 

Similar permanent abnormal cycles were also induced by prolonged feeding of 
the well-known and once widely used analgesic and antipyretic aminopyrine (Py- 
ramidon), aS may be seen in Figure 5. In single doses this drug also is practically 
nontoxic to the rat. It was fed in varying concentrations for 116 days (1 per cent 
for 18 days,.2 per cent 11 days, 1 per cent for 42 days, and 1.5 per cent for 45 days). 
During this time the rat became less active but showed no other untoward effects. 
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That, however, permanent change had been brought about by the prolonged feed- — 
ing was shown by the appearance of abnormal activity cycles after the end of the 
treatment (at age 170 days). This rat has now been observed more than two 
years since the discontinuation of the aminopyrine feeding and its abnormal cycles 
are progressively becoming more regular with time. ‘The total duration of the cy- 
cles has decreased from 54 to 18 days with a decrease in the length of the active 
phases (from 42 to 4 days) while the lengths of the inactive phases have tended to 
remain the same (9 to 13 days—peak to peak). 
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Fic. 5.—Graph showing daily Sponticous: running activity of rat before, during, and 
after treatment with aminopyrine. Record shows total length of cycles and length of in- 
active phase. 








- Table 1 shows that 1 of 6, or 16.6 per cent, of the rats developed regular abnormal 
cycles after the end of the aminopyrine treatment. The cycles of this rat were quite 
different from those seen in the sulfa or thiourea-treated rats. 

The end of a prolonged period of feeding with the sedative sodium barbital was 
followed by the appearance of marked fluctuations only in food intake; however, 
these showed only suggestive periodicity. Figure 6 gives the food intake record of 
one of these rats. This rat received sodium barbital in its diet in the following con- 
centrations—0.1, 0.2, 0.3, and 1.0 per cent for 12 days, 28 days, 63 days, and 21 days, 
respectively). During treatment food intake remained fairly constant but soon after 
the end of treatment, marked fluctuations appeared. 
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Fig. 6.—Graph showing daily food intake record for a rat before, during, and after treatment 
with sodium barbital. 


Table 1 shows that 1 of 4 or 25 per cent of the rats manifested these changes of 
food intake after the termination of treatment on sodium barbital. 

Prolonged treatment with cortisone acetate was followed in one rat by the ap- 
pearance of very regular abnormal cycles in activity and food intake. Figure 7 
shows this animal’s daily spontaneous running activity, food intake, and body weight 
for 27 days before treatment, 105 days during treatment (cortisone mixture in diet 
0.01 per cent for 63 days, followed by 0.04 per cent for 42 days) and for 239 days after 
termination of treatment. During the first 40 days on the 0.01 per cent concentra- 
tion, the spontaneous activity remained on a high level, then for the last 20 days 
dropped to a lower level; food intake remained essentially the same; body weight 
continued to increase at a constant rate throughout the 63 days on this concentration. 
On the 0.04 per cent concentration, activity dropped almost at once to a low level 
where it remained for the rest of the 40 days; food intake decreased to a slightly 
lower level; body weight leveled off but did not decrease. Immediately after the 
cessation of the treatment, activity and food intake increased to their original 
high levels; body weight increased at a slow but constant rate. For the next 70 
days, activity and food intake, water intake, body weight, and estrous cycles were 
all normal so that the rat appeared to have made a full recovery. Then quite 
suddenly, activity dropped almost to zero, food intake and body weight increased, 
and the estrous cycles disappeared. This was the beginning of an inactive phase of 
20 days’ duration. Then followed a series of inactive phases of almost exactly 
the same length but separated by progressively shorter active phases. ood intake 
increased during the inactive phases and dropped sharply a few days before the onset 
of the following active phase. 

Table 1 shows that 1 of 3 rats developed regular abnormal cycles after the end of 
the cortisone treatment. The cycles of this rat differed from those seen in the 
aminopyrine and the sulfa or thiourea-treated rats. (These observations were made 
while studying with Dr. T. E. Van Metre, Jr., the effects of cortisone on growth.) 

Kiven more regular abnormal cycles of spontaneous running activity were shown 
by rats some months after the administration of the female sex hormones, estradiol 
and progesterone. Figure 8 shows a record of the activity cycles produced by 
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feeding estradiol for 141 days (0.0001 per cent for 74 days, 0.001 per cent for 34 
days, and 0.01 per cent for 33 days). It will be noted that during treatment this 
rat was about one-fourth as active as before and it did not show regular estrous 
cycles; otherwise, to ordinary inspection, it was entirely normal. ‘The drop in 
activity and the appearance of sharply defined cycles with bursts of activity lasting 
only one day, every 18 to 22 days, subsequent to the end of the treatment and 
lasting until the animal’s sacrifice many months later, indicates fundamental and 
presumably permanent change. 
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Fic. 7.—Graph showing daily spontaneous activity, food intake, and body weight before, 
during, and after treatment with cortisone acetate. The record gives the total lengths of 
the cycles and the lengths of the inactive phases in days. 

Table 1 indicates that 2 of 3 rats or 66.6 per cent show regular abnormal cycles 
after the end of the estradiol treatment. These abnormal cycles differ from any of 
those seen in the rats treated with sulfa or thioureas, aminopyrine or cortisone. 
The lengths of the inactive phases, however, were much the same as in the sulfa- 
merazine and in the cortisone-treated rats. 

Prolonged feeding with progesterone resulted in the appearance of activity 
cycles during, as well as after treatment in the one rat on which observations were 
made. [igure 9 shows the record of this rat that received anhydrohydroxy- 
progesterone for a total of 492 days and was observed 239 days thereafter. ‘T'reat- 
ment was started at the age of 110 days and concentrations were changed according 


This content downloaded from 169.229.32.137 on Thu, 8 May 2014 04:45:34 AM 
All use subject to JSTOR Terms and Conditions 


Vou. 45, 1959 PHYSIOLOGY: C. P. RICHTER 1089 


to the following schedule: 0.025 per cent for 33 days, 0.05 per cent for 63 days, 
0.15 per cent for 258 days, 0.3 per cent for 9 days, stock diet for 11 days, 0.3 for 128 
days. Abnormal cycles showing both active and inactive phases appeared almost 
at once after the start of the treatment and were maintained throughout the hormone 
administration. During this period the length of the active phases decreased at a 
steady rate from 54 days to 1, while that of the inactive phases ranged from 15 to 
28 days. During the 238 days of the post-treatment period the length of the in- 
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Fig. 8.—Graph showing spontaneous running activity of rat before, during, and 
after treatment with estradiol. The record gives the length of the cycles in days. 


active phases increased slowly to 33 days. At autopsy, a large tumor of the pitui- 
tary was found. This tumor itself many have been responsible for this cycle since 
previously in an untreated rat a pituitary tumor was found to produce very regular 
cycles—however, the cycles were shorter than those of the progesterone-treated 
rat.! 

These observations have demonstrated that prolonged administration of several 
commonly used drugs and: hormones may produce lasting changes in the organism, 
as manifested by abnormal cycles in spontaneous running activity, food intake, 
functioning of the female reproductive system, and in some instances in water in- 
take. Had daily readings been made of liver function, body temperature, and pro- 
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portion of the various types of leucocytes, it is possible that equally regular and 
permanent changes may also have been found in these functions. 

At the present time we are not able to produce abnormal cycles with any one of 
the drugs or hormones at will. Rats treated with thiouracil showed the highest 
proportion of abnormal cycles—80 per cent——but the numbers are too small to be 
significant. The over-all proportion of rats showing abnormal cycles is 33.3 per 
cent. In some instances abnormal cycles have followed treatment with minimal 
doses whereas cycles were not produced by treatment with higher doses. This 
was particularly true of some of the rats on sulfamerazine. In other instances the 
cycles were produced only by the higher doses. From these observations on small 








neeey PROGESTERONE 
22000 DAILY SPONTANEOUS RUNNING ACTIVITY 
20000 
FEMALE RAT# 277CA 
18000 
16000 
14000 
= a 
> 
| 100004 
| 8000} 
6000 
4000 17 16 r 16 18 


2000 7! H |! | 


10) 
Bl {ol 121 141 161 181 20! 22i 24h 26! 
STOCK DIET ANHYDROQHYDROXY— PROGESTERONE ADDED 
e— 0.025 % —>k— 0.05% a 

















NUMBER OF REVOLUTIONS OF 


ro * 
Oo ON 
o. 698 
° ° 
°o (o) 





IN 
@ 
° 
° 
5 


n 
° 
° 
° 





ACTIVITY | 


14000 
12000 
10000 
8000 
_— LENGTH OF INACTIVE PHASES IN DAYS 


4000 15 22 19 15 15 5 15 26 19 22 22 24 28 33 





I 451 47l I SII 531 55! 571 591 611 631 651 671 691 TU 731 75 77 
v.27 fe TOCK OIET WITHOUT PROGESTERON 
0.3%, SI0CK STOCK OIET PROGESTERONE AGE IN DAYS 





“~~ DIET 


— 


Fic. 9.—Graph showing daily spontaneous running activity of rat before, during, and after 
treatment with progesterone (anhydrohydroxy-progesterone). The record gives the length of 
the inactive phases of the cycles in days. 


numbers of animals it was not possible to draw any conclusions about the significance 
of length of treatment. In a few instances regular abnormal cycles followed only 
40-50 days of treatment. In any case, there can be no doubt about the patho- 
logical nature of these cycles since, as mentioned above, no similar cycles were 
found in the many thousands of rats that have been observed in this laboratory 
under identical conditions during the past 35 years. 

The cycles described here differ essentially from those due to infection with the 
plasmodium in malaria or the spirochete in relapsing fever, which depend on periodic 
evolution of the infecting agents. The cycles herein described differ also from those 
resulting from the introduction of a foreign protein into the body, such for instance 
as horse serum. Najjar has recently shown that the introduction of foreign protein 
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results in a series of successive steps in which the antigen-antibody combination 
acts as a new antigen and stimulates a new antibody reaction.’ In this way the 
foreign protein is gradually degraded; presumably the cycles are expressions of 
successive reactions of the body to the new antigen-antibody combination. Cycles 
of this type have been noted particularly in scarlet fever.6 The cycles induced by 
parasitic infestation disappear when the parasite is destroyed or eliminated. Sim- 
ilarly the cycles induced by the introduction of foreign protein disappear with the 
neutralization of the antigen. In both cases the cyclic phenomena are transient 
and dependent on the presence of the exciting agent; in neither case do the cycles 
depend on permanent alteration of the tissue cells. 

In contrast, the cycles being reported here may depend on permanent changes in 
cells either in the nervous system or in the endocrine glands or in the blood forming 
organs, such as bone marrow—the last possibility was suggested by the fact that we 
know of many instances of permanent agranulocytosis in man that have followed 
prolonged treatment with sulfa drugs, thiouracils, aminopyrine, or barbital.’ 
The affected tissues are not actually destroyed; rather their function is impaired, 
resulting in a disturbance of their intricate interregulation. As a consequence, an 
alternating series of under-actions and over-actions seem to occur which manifest 
themselves in cyclic alterations. In other words, the homeostatic mechanisms no 
longer operate smoothly. 

Attention may be drawn at this place to the fact. we have previously reported the 
production of abnormal cycles with other characteristics and frequencies by surgical 
interference with the pituitary gland, especially the stalk or posterior lobe,® by 
partial inactivation of the thyroid gland through surgery or radioiodine treatment, » 4 
by lesions of the brain stem or cortex, and finally by subjecting rats to severe 
stress.® 

On the basis of these observations on rats the possibility must be considered that 
the cessation of administration of a drug or hormone after prolonged treatment may 
also produce lasting effects in man; further, that the existence of such changes may 
not be detected without the aid of special measurements made over long periods of 
time. 

That abnormal cycles in behavior and metabolism similar to those seen in our 
rats may appear in man is well known from daily observations made in medical and 
psychiatric clinics over long periods of time of patients with periodic physical and 
mental illnesses. Thus, in the literature there are records of many patients in whom 
very regular cyclic changes were demonstrated, primarily in physical functions, 
such as body temperature, blood cell counts, fluid content of tissues, etc. Reimann 
reported a number of such patients’ and more recently, two monographs on peri- 
odic illness have been published in France by Mamou"™ and Sebaoun.!* Many 
articles on this subject have also appeared in recent years in the medical journals 
of almost all countries of the world, especially in those bordering the Mediter- 
ranean. 

We have collected the records of over 400 patients with one form or other of 
periodic illness manifesting itself primarily through physical symptoms. We also 
have records of almost as many patients in whom equally regular cyclic changes were 
primarily evident in mental and emotional functions, such as concentration, mood, 
etc. Some of the most regular and impressive of these cycles were reported by 
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Fig. 10.—Record of total leucocytes and polymorphs of 41-year-old female. 
Record gives lengths of cycles in days and indicates the occurrence of mouth 
and anal ulcers and of menstruation. 


Gjessing.'* 14 If daily records could be taken on an entire population, the existence 
of unsuspected abnormal cycles might be revealed in many more individuals. 

To illustrate the nature of these cycles a few examples will be presented. Figure 
10 gives the record of the number of total white cells and polymorphs in a patient 
with cyclic agranulocytosis.“ It also shows the menstrual cycle and the periodic 
appearance of ulcers in the mouth. ‘The total polymorphs fluctuated between zero 
and over 4,000 per m? in regular cycles with a frequency of 17-19 days. These 
cycles had no relation to the menstrual periods. Oral and anal ulcers regularly 


developed shortly after each sharp reduction in the number of polymorphs. We 
have several similar records. 
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Fig. 11.—Daily morning-evening temperatures of 32-year-old male. Record shows lengths of 
total cycles and lengths of normal intervals between periods of fever. 
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Fig. 12.—Behavior and metabolism record of catatonic-schizophrenic patient (Gjessing) 
showing estimated excitement and ability to concentrate, as well as total nitrogen in urine. The 
cycles were 20 days in length. 


Such cycles many show up also in body temperature, as is seen in Figure 11." 
In this patient the temperature ranged from about 36° to 40°C in regular cycles 
with a frequency of 22-27 days. Similar cycles of physical illness may appear in 
the function of almost every organ of the body. ‘The known frequency ranges from 
2 days to 60-80 days. Nearly all, if not all, of these patients manifest at least some 
mental or emotional changes. 

Gjessing’s studies of catatonic-schizophrenic patients, with detailed daily records 
over long periods of time, have revealed the fact that equally regular cycles occur 
in mental and emotional functions of some psychiatric patients.'4 Figure 12 gives 
the record of one of his patients with catatonic excitement. The top graph repre- 
sents an estimate of mood, the second the ability to concentrate, while the third 
graph gives daily record of total urinary nitrogen. In this case the cycles had an 
average duration of 20 days. 

Figure 13 shows the daily record of another one of Gjessing’s patients—a cata- 
tonic-schizophrenic with cyclic stupors.'® The top graph gives the estimate of the 
presence and depth of the stupors; the second shows spontaneous activity in bed, 
as measured by an actograph (this patient remained in bed throughout); while the 
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Fia. 13.—Behavior and metabolism record of catatonic-schizophrenic with periodically recurring 
, attacks of stupor. The cycles averaged 40 daysin length. 
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third again shows the daily record of total urinary nitrogen. In this patient, 
stupors lasting 17-21 days recurred with an average frequency of 40 days, separated 
by fairly normal intervals. It is noteworthy that this patient and the one whose 
record was shown in Figure 18 both responded to treatment with thyroxine and later 
desiccated thyroid powder. In both cases the cycles disappeared under treatment 
and the patients were able to return to simple jobs. 


Although the most striking manifestations in this group of patients appear as 
cyclic mental and emotional disturbances, there are simultaneous cycles in physical 
function, as for instance in nitrogen excretion as well as in body temperature. The 
lengths of the reported cycles range from 2 days to several years. 


Again, little or nothing is known about the underlying mechanisms. It certainly 
seems very likely that some cycles have one origin, others quite a different origin, 
as is true in our experimental rats. 


At present we do not know whether any of the reported abnormal cycles in be- 
havior, mood, and metabolism in human beings followed upon prolonged treatment 
with any drugs or hormones. So far as we know, this possibility has not hitherto 
been considered. We do know that some patients treated with sulfa and anti- 
thyroid drugs have become psychotic during treatment,'” and in some instances the 
symptoms only appeared a few days or weeks after the end of the treatment;'~'° 
itis also known that some of the drugs that produced cycles in spontaneous activity, ! 
etc., in our experimental rats also produced agranulocytosis in some patients through 
.a depressive effect on bone marrow. 


Summary —It has been demonstrated in rats that lasting effects in the form of 
abnormal cycles of spontaneous running activity, food and water intake, and func- 
tioning of the reproductive tract may follow upon the discontinuance of drug or 
hormone ‘(sulfamerazine, thiourea, thiouracil, propylthiouracil, aminopyrine, 
sodium barbital, cortisone acetate, estradiol, or progesterone) after its prolonged 
administration. In some instances the abnormalities are manifest at once after the 
termination of treatment; in others there may be a delay of many months before 
any pathology is demonstrable. The changes involve both behavior and metab- 
olism; in nearly every case they persist throughout the remaining life of the animal. 

Instances of regular abnormal cycles of behavior, mood, and metabolism, similar 
to those seen in rats after the end of treatment with drugs or hormones, are seen in 
patients suffering from various forms of periodic physical and mental illness. ‘The 
mechanisms underlying the production of these abnormal cycles in man remain 
unknown. Likewise, it is unknown whether any of them have resulted from pro- 
longed treatment with drugs or hormones. 

The results of this study on rats, however, do warrant a recommendation to those 
responsible for screening drugs and hormones for medical use to look for lasting 
after-effects as well as concomitant side-effects; and to physicians responsible for 
treating patients to consider the possibility that although during treatment no 
untoward effects may appear, damage may appear after the end of the treatment— 
damage that may manifest itself in subtle pathological changes in behavior, mood, 
and metabolism. 


* Carried out under grants from the U. 8. Public Health Service and the National Science 
Foundation. Presented in part at the Autumn Meeting of the National Academy of Sciences, 
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New York City, November 18, 1957. Drs. E. A. Park and K. K. Rice made many helpful criti- 
cisms and suggestions. 
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REPRODUCTIVE CYCLES IN AN EQUATORIAL SPARROW* 


By ALDEN H. MILLER 
MUSEUM OF VERTEBRATE ZOOLOGY, UNIVERSITY OF CALIFORNIA, BERKELEY 
Read before the Academy, April 29, 1959 


The male avian reproductive system undergoes cycles of activity in which there 
are periods of reduced, nonfunctional gonads alternating with those when the 
active testes are 150 times the size of the resting stage. Such cycles occur in es- 
sentially all wild species that have been investigated. Control of the cycle by the 
gonadotropic hormones of the pituitary has been demonstrated, a control that 
parallels the especially well-documented situation in mammals of pituitary regula- 
tion of reproductive periodicity. 
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